Objectives. To evaluate the performance of the difference between observed and predicted length of stay (OLOS-PLOS) as an inefficiency of care indicator for inpatients.
factors that affect LOS. Even recently, many papers continue were grouped into categories according to a classification to analyse the association between patients' characteristics used in a previous study [18] (see Appendix 2 for summary).
(including their socio-economic and cultural environment) Included were 80 consecutive patients in each category; this and the hospital LOS [7] [8] [9] [10] [11] [12] .
produced 466 clinical records of patients discharged since This means that health administrators must face a big May 1996, 263 for the derivation group and 203 for the contradiction: how to detect inefficient care when there is validation group. Not to do this would have resulted in the no simple way of knowing how long a patient should remain inclusion of a large proportion of patients from the more in the hospital. Furthermore, even if the proper LOS could frequently performed procedures and very few or none at all be approximately known it would have to be adjusted to be from other less frequent ones. appropriate to the local setting because of the huge differences
In both departments patients with any of the following of care among hospitals, regions and countries. characteristics were excluded: foreigners, those leaving hosThis led to the idea of using the difference between pital against medical advice or to another institution, with predicted LOS and observed LOS as an indicator of care principal diagnosis undetermined, not operated (for surgical efficiency. Predicted LOS could be calculated by means of a wards) and died before discharge. Less than 5% of all statistical tool such as multiple linear regression; however, admissions in the period were excluded. development of such a tool has required a long series of studies. The first studies were meant to evaluate the influence Variables, procedures and statistical analysis of different variables, reported in the international literature
As for two previous studies [13, 14] , information about the and previously mentioned, upon LOS in internal medicine following variables was obtained from each clinical history. and surgical wards [13, 14] . Results, using multiple linear For Internal Medicine the variables were principal diagnosis, regression, indicated a significant effect on LOS for (among age, place of residence, and disease severity. Principal diagnosis others) severity of disease, place of residence, diagnosis, type was grouped into the following seven categories: (i) cardioof surgical intervention, surgical complications and the need vascular system diseases; (ii) digestive system diseases; (iii) for surgical re-intervention. These studies corroborated the respiratory system diseases; (iv) malignant tumours; (v) urinary fact that the variables included, despite not being the only and genital system diseases; (vi) benign tumours, metabolic ones that affect LOS, explain an important proportion of it and endocrinological diseases, anaemia, skin and suband are readily available, directly or indirectly, in the patient's cutaneous cellular tissue diseases, bone and connective tissue clinical history. Severity of disease was one of the most diseases, infectious diseases; and (vii) other diseases. Place of important variables for predicting LOS. The former studies residence was grouped into two categories: (i) city of Havana used an Index of Severity proposed and validated by Horn and (ii) rest of the country. Disease severity was measured [15,16] but, before the new method could be implemented, by means of a severity index constructed and validated in a a local severity index had to be developed. Two studies were previous study [17] . The index is a weighted sum of points carried out with this aim [17, 18] . Shortly after this, the given by the eight variables that constitute the items (see performance of the new indicator was evaluated, first in the Appendix 1). Internal Medicine department (as a representative of the For General Surgery the variables were age, sex, surgical clinical area) and afterwards in the General Surgery deintervention, nature of the intervention, complications score, partment (as a representative of the surgical departments).
ward, and disease severity. Surgical intervention was grouped The results of these latter evaluations are reported here.
into five categories according to complexity as proposed by an expert and it was treated as a nominal variable. The categories are detailed elsewhere [18]; Appendix 2 shows an
Methods
example of each category. The nature of the intervention was noted as elective or urgent. The complications score was Data collection constructed by assigning to each complication 1-3 points according to its severity (as defined by an expert) and then The necessary information was obtained from clinical histories summing all points. Points were assigned as follows. For of patients discharged alive from four Internal Medicine surgical wound complications: subcutaneous emphysema wards and from all wards of the General Surgery department (1 point), haematoma, bleeding (2 points), sepsis, dehiscence of Hermanos Ameijeiras Hospital in Havana. This is a 900-(3 points). For general complications: retention of urine, bed facility for secondary and tertiary levels of care with all phlebitis, headache, cutaneous rash, cough and expectoration, clinical and surgical specialities for adults. diminution of haemoglobin, paralytic ileus, emesis and/or Two data sets were needed for each department: one for nausea (1 point), urinary tract infection, fever, abdominal deriving the predictive equation and another to validate it. distention, acute laryngitis, diarrhoea (2 points), pneumonia, The Internal Medicine wards selected were those without jaundice, intestinal occlusion, empyema (3 points). preference for any particular diagnosis. The histories of 200
The ward was considered as nominal: 16A, 16B, 17A, 17B patients discharged consecutively from January 1 1997 were (wards 1-4, respectively). Place of residence was considered included, 100 hundred for each data set.
in three categories (and was treated as ordinal): region directly In the General Surgery department, in order to attain a fair representation of all types of surgery procedures, patients served by the hospital (Centre of Havana and Old Havana), other municipalities in Havana City, and other provinces. This function for the General Surgery department because of its high correlation with the severity index. A second step involved residual analysis, which allowed exploration of the time considered in points i-v above was more than 2 days normality assumption and the necessity of quadratic or interand if weekend leave or other absences (if any) interfered action terms. In the Internal Medicine department no dewith diagnostic or therapeutic indications and thus caused an viations from normality were detected. For the General increase in LOS. Otherwise the history was classified as group Surgery department the residual analysis showed the need i. Table 1 shows the frequency of the inefficiency problems for the inclusion of a quadratic term for the complications encountered. Classification was made by two of the authors score. Twenty outliers from Internal Medicine and 16 from who separately examined each history and discussed disGeneral Surgery were excluded from the derivation of the crepancies until they reached agreement. predictive function. This exclusion, although large, should
The predicted LOS (PLOS) for each patient was obtained help to guarantee the future performance of the equation for according to the linear regression function obtained with the detecting inefficiencies. Outliers are likely to be patients that derivation group of histories. The difference: OLOS -PLOS are inefficiently (or at least differently) treated. The final (indicator) was obtained for each patient. The reviewers did function yielded a Determination Coefficient (R 2 ) of 0.41 for not know the PLOS of any patient nor the function used Internal Medicine and 0.70 for the Surgery wards.
for its calculation. In the validation group, each history was thoroughly examined
The mean and SD of the indicator were calculated for for inefficiencies. Emphasis was placed on the following events: each group of clinical histories (classified according to type (i) time elapsed between indication and performance of diagof care) and the 95% confidence interval calculated for the nostic procedures; (ii) time elapsed between indication and difference. A receiver operating characteristic (ROC) curve performance of therapeutic procedures (e.g. blood transfusions, was constructed to evaluate the ability of the new indicator removal of catheter); (iii) time elapsed between indication and to detect care inefficiencies using the expert classification as consultations with other specialities; (iv) weekend leave or other the gold standard. Three histories were eliminated from the absences; (v) time elapsed between admission and diagnostic validation group of the Internal Medicine department because discussion (for Internal Medicine only).
of excluding characteristics missed in the first review. The moment (or date) of the indication and the performance of a procedure is written down in the progress notes by the physician and (on some occasions) the nurse.
The model used to confirm the indications for the procedure, Results which usually refers back to the history, also shows both dates. If another specialist is called for consultation, the Tables 2 and 3 show the patients' characteristics in both physician providing the care notes the first date and the groups and both departments; groups appear to be very consultant physician himself, the date the procedure is per-similar in almost all features. Regression coefficients for the formed.
best functions in each department are shown in Tables 4 and Histories were separated then into two groups: (i) adequate 5. The function explains 41% of the total variation for the efficiency or mild problems, and (ii) inefficiencies considered Internal Medicine department and 70% for the General
Surgery department. Table 6 shows means and SD of the moderate or severe. A history was classified as group (ii) if ..................................................................................................................................................................................................................... indicator proposed, according to type of attention. There is Figure 1 shows the ROC curves for the two departments. For the Internal Medicine department a value of 2 as a cuta large difference between the two groups. The group in which inefficiency problems occurred exhibits, in both de-off point for the indicator would achieve a sensitivity and specificity of > 0.7 (Table 7) . For the General Surgery partments, the highest value for the indicator. Center of Havana and Old Havana: 1, Other municipalities in Havana City: 2, Other provinces: 3. 6 Sum of points provided each complication is assigned 1 to 3 points according to severity. See text. department a similar situation would be achieved with a cut-the ROC curve was 0.88 for Internal Medicine and 0.80 for General Surgery. Both values can be considered acceptable. off point of 1 (Table 8) . A cut-off point of 4 for Internal Medicine would achieve 0.65 for sensitivity and 94.8 for The low frequency of inefficiency problems is the reason for low positive predictive values (+PV) for the cut-off points specificity. For General Surgery, this cut-off point achieves 0.65 for sensitivity and 94.9 for specificity. The area under mentioned above. However if we focus on +PV, 4 as the Figure 1 Receiver operating characteristic curves for (a) Internal Medicine and (b) General Surgery. cut-off would achieve a +PV of 0.76 for Internal Medicine its own standards. This could be a real problem if inefficiency was the regular way of care and if there were no other control and 0.65 for General Surgery. Negative predictive values (-PV) are in a better position: 4 as cut-off results in a -PV mechanisms. This is not the case, but it must be taken into account if an attempt to use such a procedure is made in of 0.91 for Internal Medicine and 94.9 for General Surgery.
another setting. Another type of limitation is that some of the variables included in the model are process variables (surgical intervention or need for reintervention). These vari-
Discussion
ables are included as proxies for patients' characteristics but they depend on a medical decision. In the last few years we have witnessed a growing interest Nevertheless, we support the idea that the way to assess in assessing the efficiency of medical care -particularly for and control efficiency of care for inpatients must rely on hospitalized patients. The current trend to design 'attention individual comparisons between real and ideal stay. This ideal protocols' or guides that strictly define ways of handling stay cannot be established theoretically because it depends patients with different diseases might imply a number of on several aspects that concern the patient, the hospital and regulations that change usual medical practices and therefore the whole environment. Predictive equations, which include introduce reluctance among practitioners. The procedure we the greatest number of aspects available, represent a valuable propose and validate in the present work can be adapted to tool for approaching ideal comparisons. local circumstances and practices and does not include extra Some advantages can be mentioned for this method: (i) obligations or specific restrictions.
once the mechanism to collect the necessary information is Our results support the hypothesis that differences between set up, the evaluation system should work smoothly; (ii) the observed and predicted LOS reflect, with high probability, predictive equations can be readjusted periodically ininefficiencies in health care for hospitalized patients.
corporating changes expected to occur in medical practices; The literature reports some other similar approaches. Berand (iii) the calculation of summary measures such as means nard et al. [4] and Ryan et al. [19] propose the use of the and SDs of the proposed indicator (OLOS -PLOS) can also difference between PLOS and OLOS for similar purposes be carried out for each ward, department or hospital. but in both cases, the PLOS is the historical LOS mean for This is not to say that utilization review should be entirely each diagnosis-related group. Best et al. [20] proposed a replaced by 'predictive equations' but the method we suggest quality indicator for health care in non-surgical patients which could be used, like other quantitative indicators, as a shortcut is based on the ratio of observed to expected mortality, the for detecting problems. Implementation of the indicator is latter obtained through logistic regression. Rosenthal and another issue, but this should not be difficult if the physician Harper [21] report some health care quality indicators that providing the care completes the history, as it is done in measure quality and efficiency. They developed predictor Cuba. models using logistic regression (for binary events) or linear regression (for LOS). The discriminatory power of the models was measured with ROC curves and the coefficient of The authors thank T. Piazza (Berkeley University) for reading of unnecessary hospital days, one of them very similar to the early versions of the manuscript, correcting the English ours. The best of the three methods was a clinical algorithm, and making many useful comments. J. Nieto (Johns Hopkins which entailed the review of each record by an expert, who School of Public Health) reviewed the final versions and must look for unnecessary hospitalization days. They also made many valuable suggestions. found that a method that does not depend on patients' characteristics (a comparison with a fixed LOS) was as good as an equation-based screen. We have two comments on their methods: a clinical algorithm that requires the review References of all charts is surely the best way to detect excess stay but is inefficient; and the variables included in the equation that predicts LOS must not be limited to those available at admission. The authors also note this latter comment.
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Our study has surely some limitations, principally in relation their own models. Another comment on our method, which can also be seen 5. Weingarten S, Riedinger M, Johnson B, Ellrodt AG. Reducing LOS in the coronary care unit with a practice guideline for as a limitation, is that it implies that the hospital is setting
